Different from the conventional numerical methods, such as finite element method (FEM) and boundary element method (BEM), the meshless method is an approximation based on the nodes in the domain and it does not require a mesh to connect nodes for the solution of a problem. The meshless method can be applied to solve many complicated science and engineering problems, such as extremely large deformation and crack growth problems, which are not suitable to be solved by the conventional numerical methods [1] .
Different from the conventional numerical methods, such as finite element method (FEM) and boundary element method (BEM), the meshless method is an approximation based on the nodes in the domain and it does not require a mesh to connect nodes for the solution of a problem. The meshless method can be applied to solve many complicated science and engineering problems, such as extremely large deformation and crack growth problems, which are not suitable to be solved by the conventional numerical methods [1] .
The meshless method has been developed rapidly in recent 20 years. The development yields different types of meshless method, such as smoothed particle hydrodynamics (SPH) method [2] , diffuse element method (DEM) [3] , element-free Galerkin (EFG) method [4, 5] , reproducing kernel particle method (RKPM) [6, 7] , radial basis function (RBF) method [8, 9] , finite point method (FPM) [10] , meshless local Petrov-Galerkin (MLPG) method [11] , complex variable element-free Galerkin (CVEFG) method [12] [13] [14] , meshless manifold method [15, 16] , mesh-free reproducing kernel particle Ritz method [17] , boundary element-free method (BEFM) [18] [19] [20] , local boundary integral equation (LBIE) method [21, 22] , boundary node method (BNM) [23] , and some others may not be mentioned here.
For a numerical method, the corresponding mathematical theory is very important. Without a decent mathematical theory background, the numerical method cannot be developed further. For many meshless methods, the corresponding mathematical theories are more complicated than that of the FEM and BEM due to its complicated shape functions. Except the radial basis function method, a few papers are published for the mathematical theories of other meshless methods, especially the EFG method, the RKPM, and the MLPG method, which have been studied and applied in many fields of science and engineering.
Levin obtained the error estimates of the moving leastsquares (MLS) approximation in the uniform norm of a regular function in high dimensions [24] . Under appropriate hypotheses on the weight function and the distribution of nodes, Armentano obtained the error estimates of the MLS approximation in one-dimensional case [25] . Zuppa also obtained error estimates for the MLS approximation and its derivatives by introducing condition numbers of the star of nodes in the normal equation [26] . R. Cheng and Y. Cheng studied the error estimates of the MLS approximation in multiple dimensions of Sobolev space [27] . And Li and Zhu also studied the error estimates of the MLS approximation for one-dimensional problems in Sobolev space [28] . Ren et al. discussed the complex variable interpolating moving least-squares method and the interpolating property [29] . Gavete et al. [30] and Rossi and Alves [31] studied the error estimates of the EFG method based on the MLS approximation. Moreover, R.-J. Cheng and Y.-M. Cheng discussed the error estimates of the EFG method for potential and elasticity problems [32, 33] .
This special issue particularly takes an interest in manuscripts that report relevance of meshless methods in theory and applications. The special issue is published to summarize the most recent developments in meshless methods within the last five years, and it especially focuses on new methods and their corresponding mathematical theories. Moreover, the articles on the applications of meshless methods for solving complicated engineering problems are also included. Topics that have been addressed in this special issue cover (i) mathematical theories of meshless methods, (ii) approximation function of new meshless methods, (iii) improvements of meshless methods, (iv) simulations for complicated engineering problems.
About 20 manuscripts were submitted to this special issue for review, in which 14 manuscripts were accepted for publication, 5 manuscripts were rejected, and one manuscript was withdrawn by the corresponding author because of some mistakes found by the author himself.
In the article titled "The error estimates of the interpolating element-free Galerkin method for two-point boundary value problems" by J. F. Wang et al., a simpler formula of the shape function of the interpolating moving least-squares (IMLS) method is obtained. Then based on the IMLS method and the Galerkin weak form, an interpolating element-free Galerkin (IEFG) method for two-point boundary value problems is presented. And the IEFG method has high computing speed and precision. The error analysis of the IEFG method for twopoint boundary value problems is given. And the convergence rates of the numerical solution and its derivatives of the IEFG method are discussed.
In the article titled "The interpolating boundary elementfree method for unilateral problems arising in variational inequalities" by F. Li and X. Li, the interpolating boundary element-free method (IBEFM) is developed for boundaryonly analysis of unilateral problems. The IBEFM is a direct boundary-only meshless method that combines the improved IMLS method with boundary integral equations (BIE) [34] . And the convergence of the IBEFM is discussed mathematically.
The article titled "A modified SPH method for dynamic failure simulation of heterogeneous material" by G. W. Ma et al. is the application of the modified SPH method. An elastoplastic damage model based on an extension form of the unified twin shear strength criterion is adopted; polycrystalline modeling is introduced to generate the artificial microstructure of specimen for the dynamic simulation of Brazilian splitting test and uniaxial compression test, and the strain rate effect on the predicted dynamic tensile and compressive strength is discussed. The final failure patterns and the dynamic strength increments demonstrate good agreements with experimental results.
The article titled "Stress intensity factor for interface cracks in bimaterials using complex variable meshless manifold method" by H. Gao and G. Wei is the application of the complex variable meshless manifold method (CVMMM) to interface cracks between dissimilar materials. A discontinuous function and the near-tip asymptotic displacement functions are introduced into the complex variable moving least-squares (CVMLS) approximation, which is used to obtain the shape function. Numerical examples of bimaterial interfacial cracks are solved with the CVMMM to obtain the complex stress intensity factors.
In the article titled "Particle discrete method based on manifold cover for crack propagation of jointed rock mass" by Y. Ping et al., based on the particle contact model and the concept of manifold cover, the manifold particle discrete (MPD) method is presented. The MPD method can easily simulate the crack generation, propagation, and coalescence of jointed rock mass.
In the article titled "The incremental hybrid natural element method for elastoplasticity problems" by Y. Ma et al., an incremental hybrid natural element method (HNEM) is proposed. By introducing the concept of the hybrid stress element into the natural element method and using the incremental Hellinger-Reissner variational principle to obtain the system equations, the corresponding formulae of the HNEM for elastoplasticity problems are obtained. In the HNEM, the stress and displacement at each node can be obtained directly. Numerical examples are given to show that the solutions of the HNEM for the elastoplastic problems have higher precision than those of the NEM.
In the article titled "Geometric nonlinear meshless analysis of ribbed rectangular plates based on the FSDT and the moving least-squares approximation" by L. X. Peng et al., the plate and the ribs are considered separately, the approximation functions of the displacement, the stress and strain of the plate and the ribs are obtained using the MLS approximation, the virtual strain energy formulation of the plate and the ribs are derived separately, and the nonlinear equilibrium equation of the entire ribbed plate is given by the virtual work principle.
In the article titled "Analysis of the boundary knot method for 3D Helmholtz-type equation" by F. Z. Wang and K. H. Zheng, the regularization techniques and the effective condition number are introduced into boundary knot method (BKM) for the 3D Helmholtz-type problems to obtain the stable and convergent solutions. Numerical examples considering noisy and noise-free boundary conditions are given to show that the BKM in this article can obtain the stable numerical solutions.
In the article titled "The application of mesh-free method in the numerical simulation of beams with the size effect" by Y. Tian et al., the MLS approximation is used to construct the shape function, the intrinsic bulk length and the directional surface length components are introduced into the constitutive relationship to describe the size effect, and the variation of the total potential is provided to obtain the system equations. In the meshless method, the higher-order strains are directly approximated with the nodal components due to the higher-order continuity of the shape function. The convergence of the method is illustrated, and the effects of the intrinsic bulk length and the directional surface length components are studied.
In the article titled "The interpolating element-free Galerkin method for 2D transient heat conduction problems" by N. Zhao and H. Ren, the shape function is constructed by the IMLS method, and Galerkin weak form is used to obtain the system equations, and then the interpolating elementfree Galerkin (IEFG) method for transient heat conduction problems is presented. The advantage of the IEFG method is that the essential boundary conditions can be applied directly.
In the article titled "The improved moving least-square Ritz method for the one-dimensional sine-Gordon equation" by Q. Wei and R. Cheng, the improved moving least-square approximation is employed to obtain the shape function of the 1D displacement field. The discrete system equations are obtained with the Ritz minimization procedure. Numerical examples of the sine-Gordon equation are solved to show the effectiveness and accuracy of the method in this article.
In the article titled "An improved interpolating elementfree Galerkin method based on nonsingular weight functions" by F. X. Sun et al., an improved interpolating moving least-squares (IIMLS) method based on nonsingular weight functions is discussed first. In the IIMLS method, the shape function satisfies the property of Kronecker function. Using the IIMLS method to obtain the shape function, an improved interpolating element-free Galerkin (IIEFG) method is presented for two-dimensional potential problems. In the IIEFG method, the essential boundary conditions are applied directly, and the number of unknown coefficients in the trial function of the IIMLS method is less than that of the MLS approximation, and then, under the same node distribution, the IIEFG method has higher computational precision than the EFG method and the IEFG method based on the singular weight functions.
In the article titled "A highly accurate regular domain collocation method for solving potential problems in the irregular doubly connected domains" by Z.-Q. Wang et al., a highly accurate regular domain collocation method is proposed. The formulae of the method are constructed by using barycentric Lagrange interpolation collocation method in the regular domain in polar coordinate system. Some numerical examples are given to demonstrate the effectiveness and accuracy of the method in this article.
The article titled "Eigenstrain boundary integral equations with local Eshelby matrix for stress analysis of ellipsoidal particles" by H. Ma et al. is for the large scale numerical simulation of particle reinforced materials. The concept of local Eshelby matrix is introduced into the computational model of the eigenstrain BIE to solve the problem of interactions among particles. Three-dimensional stress analyses are carried out for some ellipsoidal particles with various Young's modulus ratios and different shapes to verify the feasibility and efficiency of the improved eigenstrain BIE algorithm.
